Abstract: Polyhydrazides based on furanic diacid chlorides and furanic dihydrazides were prepared. The properties of the products are discussed in terms of the backbone structure and the polycondensation technique employed. Their cyclodehydration was carried out by heating in SOCl 2 to give new polyoxadiazoles consisting of alternating furanic units and 1,3,4-oxadiazole rings.
Introduction
One of the research devoted to the non-food application of the vegetal biomass was the use of these renewable resources as starting point for the elaboration of original polymeric materials from furanic monomers obtained by chemical transformation in various ways of furfural and 5-hydroxymethylfurfural readily available from hemicelluloses and sugars by acid-catalyzed hydrolysis followed by acid-catalyzed dehydration. Therefore, polymers containing furan heterocycle have been the object of extensive studies [1] because of their peculiar properties associated with the features of the heterocycle in terms of both chemical and physical behavior.
Most investigations on furanic polymers based on polycondensation reactions have been carried out using furanic-aliphatic or furanic-aromatic as monomer systems and little work has been published on entirely furanic polymers. In first solution polycondensation of furan-2,5-dicaboxylic acid dichloride with 2,5-bis hydroxymethyl furan was attempted in order to prepare an all furanic polyester [2] . More recently, we have reported the synthesis and characterization of tow polyesters based on furanic diacid dichloride namely 2,2'-bis[2-(5-choroformyl furyl)] propane and 3,4 or 2,5-bis hydroxymethyl furan [3] . Polycondensation of these tow diols with a number of furanic diisocyanates were carried out to obtain corresponding polyurethanes [4] . The synthesis of furanic poly-Schiff bases, using furanic dialdehydes and furanic diamines as monomers, was also reported [5] . In another investigation, we have showed that all furanic polyamides can be obtained in good yield and high molecular weight by using CTP techniques [6] . The self-polycondensation of AB type monomers such as furfurylalcool, 5-hydroxymethyl 2-furoïc acid, 5-hydroxymethyl 2-furanacrylic esters, N-hydroxymethyl 2-furanamide [1, 7] , was also used to prepare certain all furanic polymers.
With a view to extend the range of structure of this type of polymers, we carried out the synthesis and the characterization of several new polyhydrazides and corresponding polyoxadiazoles. In our previous work, we have reported a preliminary study on the preparation of polyhydrazides, containing furan moieties, and their cyclodehydration to give the corresponding polyoxadiazoles [8] , and have showed that the use of interfacial technique provided the best results in terms of yield and molecular weights [9, 10] . The purpose of this study was to extend this work to include a series of all furanic polyhydrazides and polyoxadiazoles based on two furanic diacid chlorides and various difuranic dihydrazides with different bridging groups.
Results and discussion
Scheme 1 illustrates the general reaction pathway leading to polyhydrazides 3a -3h and the corresponding polyoxadiazoles 4a -4h. Scheme 1. Synthesis of furanic polyhydrazides and corresponding polyoxadiazoles.
Synthesis and characterization of polyhydrazides
Polycondensations were conducted according to both solution and interfacial techniques. In the reactions conducted in solution, the amidic solvent insured itself the removal of HCl, whereas in the case of interfacial procedure, the presence of NaOH in the aqueous phase produced the corresponding neutralization. The progress of the reactions was followed by the evolution of the molecular weight, through inherent viscosities (η inh ). The yields, which express the percentage of polyhydrazides obtained by precipitation in water, and the η inh attained for the various systems are given in Table 1 . As already stated above [9] [10] , the interfacial procedure provided a more satisfactory performance compared to the use of homogeneous systems since only about 0.5 hr of interfacial polycondensation was required for obtaining both yields and η inh attained after 12 hrs by solution procedure. Polymers obtained after 3 hrs by interfacial polycondensation were completely insoluble in DMSO and common solvents and viscosity measurements could not be made. However, reaction using diacid chloride 1c was less successful, since we only obtained 27% of a water-insoluble polymer probably because of poor solubility of 1c in organic phase. On the other hand, the modest yields and the corresponding low viscosities related to the system involving tow monofuranic monomers (1b + 2f) are attributable to precipitation of resulting polyhydrazide early in the reaction because of its low solubility in MC. It seems therefore that using dihydrazide monomer containing The structure of polyhydrazides 3a -3h was identified by FTIR and 1 H NMR spectra. Tab. 2 gives the frequencies associated with characteristic absorption bands arising from the furanic heterocycle 2,5-disubstituted and the hydrazide group of these polymers. Tab. 3 gives the chemical shifts and the assignments relative to all these materials.
Synthesis and characterization of polyoxadiazoles
A series of new polyoxadiazoles, consisting of alternating furanic units and 1,3,4-oxadiazole rings, has been synthesized successfully by heating corresponding polyhydrazides in thionyl chloride which acts both as a solvent and a dehydrating agent. The use of system (1b + 2f) as starting materials was of interest because cyclodehydration of resulting polyhydrazide 3g leads to polyoxadiazole 4g without interrupting the conjugation in the main chains. This polymer, which consists of alternating furan and 1,3,4-oxadiazole rings, was fully characterized. The 1 H-NMR spectrum of this polyoxadiazole, compared to its polyhydrazide precursor 3g (Figure  1 ), confirmed that cyclodehydration reaction had gone to completion since it showed only one resonance at 6,80 ppm (TMS/CF 3 COOH) and the absence of original peak at 10,73 ppm (TMS/DMSO-d 6 ) arising from NH protons. The relevant results for the other polyoxadiazoles, given in Tab. 5, confirmed their expected structures and showed that all the features are consistent with regular structures.
Tab. 4. Yields and inherent viscosities (
Polymer 4g was also submitted to thermal analyses by DSC and TGA and compared to its precursor 3g. The DSC thermograms revealed the presence of an amorphous phase with a glass transition at 225 °C for 4g whereas 3g was partly crystalline with a glass transition and melting respectively at 140 and 195 °C associated with its much higher capability of establishing intermolecular organization probably because of the presence of interchain C=O…H-N hydrogen bonds. The TGA tracings (Fig. 2) showed that 3g exhibited a small weight loss between room temperature and 120 °C, corresponding to residual solvent evaporation. The second steep weight loss occurred at a temperature of around 370 °C and suggested the conversion of 3g to 4g, viz. thermal cyclodehydration. A final step in the curve took place at 420-520 °C and corresponded to the thermal decomposition of the 4g structure formed in situ. The tracing of Fig. 3 , showing the thermal degradation of the synthesized 4g, confirmed the latter interpretation. 
Conclusions
A series of new entirely furanic polyhydrazides and polyoxadiazoles were successfully synthesized. The first step of process involved the interfacial polycondensation of both furanic dihydrazides and diacid chlorides which was deemed more efficient than solution technique. The conversion of polyhydrazides to corresponding polyoxadiazoles was carried out by chemical cyclodehydration. All polymers exhibited high inherent viscosities and regular structure. The use of two monofuranic monomers system leads to an entirely conjugated polyoxadiazole. Work is in progress to study the electrical and optical properties of this novel conjugated polymer.
Experimental part
The 2,2'-bis[2-(5-choroformyl furyl)] propane 1a, the 2,5-bischoroformyl furan 1b and the 2,5-furandiacrylic acid chloride 1c were prepared in good yields by treating the corresponding acids with SOCl 2 in the presence of a small aliquot of DMF and were recrystallized from n-hexane. Polyhydrazides 3a -3h (see below) were prepared according to the following optimized solution and interfacial procedures [9] [10] . In the solution polycondensation, 5 mmol of dihydrazide were stirred in 25 ml of DMA that contained 5% LiCl in a nitrogen atmosphere. The temperature was maintained around -10 °C. Powdered diacid chloride was added in small portions for 15 min. The resulting homogeneous mixture was then stirred at -10 °C for 12 h. The polymer formed was precipitated in water and isolated by filtration, washed with water, acetone and ether and vacuum dried to constant weight at 90 °C. In the interfacial procedure, 5 mmol of dihydrazide were dissolved and stirred, at room temperature, in a 1,25 mol L -1 aqueous sodium hydroxide solution containing 0,12 mmol of TEBAC and thereafter a solution of 5,05 mmol of diacid chloride in 25 ml of freshly distilled MC was added rapidly under vigorous stirring. The resulting biphasic reaction mixture was then stirred for 3 h at room temperature. The polyhydrazide was isolated at the end of the reaction as described above for the solution experiments.
Cyclodehydration of polyhydrazides was carried out by the chemical method when polymers were heated in SOCl 2 containing a small aliquot of DMF in a nitrogen atmosphere at 80 °C for 18 h, the corresponding polyoxadiazoles were then precipitated in water and isolated as described above for the polyhydrazides. 
